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SATELLITE ORBITAL DATA 

1 .  ORBITAL INFORMATION 

The orbital elements have been derived by the indicated staff members  

of the Satellite-T racking Program, Smithsonian Astrophysical Observatory, 

employing the SA0 Differential Orbit Improvement Program (DOI). 

As opposed to osculating elements, the elements presented here  a r e  

mean elements in the sense that the effects of the short-period perturbations 

due to the ear th 's  oblateness have been eliminated. 

SA0 mean elements have been derived f r o m  precisely reduced observa- 

tions covering several  days and are given in  the form of a table. 

cessive sets  of elements a r e  essentially independent of each other. 

a r e  dependent, however, in the sense that high-order coefficients in  the 

secular and the long-periodic t e r m s  a r e  generally considered as known and 

as constant f o r  periods of several  weeks or  months, as dictated by conven- 

ience. 

The suc- 

They 

The t imes of epoch in the mean elements are reckoned in Julian Days, 

but f o r  the sake of convenience the number 2400000. 5 has been subtracted to  

provide an abbreviated notation, which we call "Modified Julian Days, I '  o r  

"MJD. I '  

The units of the orbital elements a r e  degrees for  angular quantities, 

me te r s )  for  l inear quantities, and revolutions f o r  6 megameters (Mm = 10 

the mean anomaly M and i ts  derivatives. 

This work was supported by grant NsG 87-60 froin the National Aeronautics 
and Space Administration. 
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The tabulated values of the SA0 mean elements give the values of argu- 

ments of perigee w, right ascension of the ascending node R, inclination i, 

eccentricity e, and mean anomaly M a s  functions of t ime t = T - T 0 
T The two-digit number placed 

at the right of each value represents  the standard e r r o r  for that element and 

re fers  to the last digits given. 

(where 

is the reference epoch) expressed in  days. 0 

The same tabulation also gives the mean (anomalistic) motion n, the 

orbital acceleration n'/ 2 o r  n' (dn/dt), and the semimajor axis a o r  the geo- 

centric distance of perigee q (in megameters) .  

the one headed N indicates the number of observations used f o r  the computa- 

tion of a set  of elements; the one headed D, the number of days used; and the 

one headed cr, the standard e r r o r  of the representation of the observations 

relative to their  assumed accuracy. 

Of the las t  three columns, 

In our computer program, the inclination and the argument of perigee 

are referred to the t rue equator of date; the right ascension of the ascending 

node, however, is  reckoned from the mean equinox of 1950. 0 along the cor-  

responding mean equator to the intersection with the moving t rue equator of 

date, and then along the t rue  equator of date. 

ascension of the node as determined by the DO1 to right ascension of the node 

referred to the mean equinox of date, one uses  

To t ransform f rom right 

Q 0  = Q 0  (DOI) t 3P 508 X 10-5(MJD - 33281) , 

where MJD stands for  the Modified Julian Day of the date. 

Tables 1, 2, 3, and 4 show the station coordinates, the values of the 

tessera l  harmonics, the values of the constants GM and J, and the zonal 

harmonics. The data were obtained using DO1 3 . 7  and include the use of 

lunisolar perturbations and t e s se ra l  harmonics. 
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Table 1. Station coordinates 

F 

Station no. 

9001 

9002 

9003 

9 004 

9005 

9006 

9007 

9008 

9009 

901 0 

901 1 

901 2 

9023 

9114 

9115 

9117 

x (Mm) 

-1.535759 

5. 056126 

-3. 983750 

5. 105593 

-3. 946697 

1. 01 8205 

1. 942769 

3. 376882 

2. 251820 

0. 976282 

2.280575 

-5.466055 

-3.977738 

- 1. 264846 

3. 121268 

-6. 007395 

Y (Mm) 

-5. 166995 

2. 716485 

3. 743101 

-0. 555232 

3. 366286 

5.471 100 

-5. 804078 

4.403985 

-5. 816915 

- 5.601 389 

-4.914569 

-2.404275 

3. 725115 

-3.466880 

0. 592616 

-1. 111893 

z (Mm) 

3.401 041 

-2. 775816 

-3.275593 

3. 769674 

3.698843 

3. 109614 

-1. 796961 

3. 136254 

1. 327164 

2. 880242 

-3.355457 

2.242170 

-3. 303060 

5. 185464 

5. 512673 

1. 825725 

Stations 

Organ Pass, New Mexico 
Olifantsfontein, South Africa 
Woomera, Australia 
San Fernando, Spain 
Tokyo, Japan 
Naini Tal, India 
Arequipa, Peru  
Shiraz, I ran 
Curaqao, Netherlands Antilles 
Jupiter, Florida 
Villa Dolores, Argentina 
Maui, Hawaii 
Island Lagoon, Australia 
Cold Lake, Canada 
Oslo, Norway 
Johnston Island 
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P 

Table 3. Values of the constants GM and J used in  
orbit calculation 

GM J 

274.53848 0. 0660644 

Table 4. Zonal harmonics used in orbit calculation 

1082 .645  

-2. 546 

J2 

J 3  

J4  

J 5  

J7  

- 1 .649  

- 0 . 2 1 0  

0.646 

- 0 . 3 3 3  

-0 .270  

'6 

J 8  

-0. 053 
J 9  

J1 0 

J1 1 

J1 2 

-0. 054 

0. 302 

-0 .357  

-0. 114 J1 3 

J1 4 0 .179  
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Satellite 1959 Alpha 1 5 October-IO December 1963 
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This se r ies  of Special Reports was instituted under the supervision 
of D r .  F. L. Whipple, Director of the Astrophysical Observatory of the 
Smithsonian Institution, shortly after the launching of the first artificial 
earth satellite on October 4, 1957. Contributions come f rom the Staff 
of the Observatory. 

First issued to ensure the immediate dissemination of data for satel- 
lite tracking, the reports have continued to provide a rapid distribution 
of catalogs of satellite observations, orbital information, and prelimi- 
nary results of data analyses pr ior  to formal publication in the appro- 
priate journals. The Reports a r e  also used extensively for the rapid 
publication of preliminary o r  special results in other fields of as t ro-  
physics. 

The Reports a r e  regularly distributed to all institutions partici-  
pating in the U. S. space research  program and to individual scientists 
who request them from the Publications Division, Distribution Section, 
Smiths onian As t r ophysic a1 Ob s e rvator y, Mas s achus ett s 
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